Studies were done using dogs to determine: (1) the EDoo* of Etamon when given as an infusion over 30 minutes; (2) the possibility of an accumulative toxicity when Etamon is given in multiple small doses over long periods of time; and (3) the effect of various measures in preventing death after the administration of a lethal dose (LDloo*) of Etamon. The ED,0 of Etamon given as an infusion was found to be nearly twice that of Etamon given as a fast injection intravenously. There seemed to be an accumulative toxic effect following the use of Etamon in multiple small doses over a long period of time as evidenced by the difference between the ED,, of those receiving a single large infusion and those receiving multiple small infusions. Intermittent 
IN a recent paper by McLemore, Green, and Lide' the ill effects of tetraethyl ammonium ion (Etamon) were reviewed. Two deaths following the infusion of Etamon were reported. One was attributed to myocardial infarction, and the other was attributed to respiratory paralysis. The results of an experiment in which four dogs were given progressively increasing doses of Etamon at the rate of four infusions daily were also reported. These dogs ultimately died of a respiratory paralysis at a mean dose of 35 mg. per kilogram.
In the present paper we report the results of further work which has been done on a larger group of dogs in an effort to determine: (a) the ED50 (MLD5o*) of Etamon when given as an infusion over 30 minutes, (b) the possibility
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of an accumulative effect following repeated Etamon infusions, (c) the efficacy of Prostigmin methyl sulfate (neostigmine), oxygen, tracheal cannulation, manual artificial respiration, nikethamide (Coramine), caffeine and sodium benzoate, and intermittent controlled positive pressure respiration, alone or in combination, in overcoming the respiratory paralysis and preventing death after the infusion of a lethal dose of Etamon.
The single dose studies (to determine the ED50) were done in order to check the safety of diagnostic studies in which only single infusions are required. Multiple dose studies were done because of the fact that one of the patients reported by McLemore and coworkers, was on low multiple doses and death was attributed to respiratory paralysis which was thought to have resulted from a toxic accumulation.
The work on ED50 and accumulative toxicity will be presented in part I; the work on methods of preventing death will be presented in part II.
I the same. The dose of Etamon was given in 100 ml. of saline over a period of 30 minutes and the dogs were allowed to be up with no restraints. No anesthesia was used. The general health of the animals was good and the range in weight was from 5.0 Kg. to 12.0 Kg. Those dogs that survived the given dose were not used again for any other part of the experiment. The doses for groups 1 to 4, respectively, were 50, 60, 70 and 80 mg. per kilogram. 
B. Studies on Accumulative Toxicity of Etamon
Methods. Three groups of dogs were used in this determination. The method of infusion was the same as that described for the pre- 
Discussion
The determination of the ED50 for single infusions requires no discussion or comment except to note that the ED50 of 63.5 mg. per with that of groups 1 to 4 it is striking to note that the difference is negligible (1.5 mg. per kilogram). On the basis of this observation one may conclude that death in groups 5 and 6 was probably the result of the last single lethal dose and probably would have occurred at that particular dose, eveni had there been no previous infusions.
In comparing the time intervals between infusions in groups 6 and 7 one may conclude that, if sufficient time has elapsed for the total excretion of the drug and recovery from any adverse metabolic effects, no evidence of accumulative toxicity will be noted. The results in these two groups indicate that two to three days are ample for excretion of the drug and recovery; but that the drug, if given in several injections per day, will become toxic due to an accumulative effect. The methods and drugs which were tried as measures to save the animals after the administrationi of a lethal dose of Etamon were as follows: (a) Prostigmin methyl sulfate, (b) tracheal cannulation, (c) oxygen, (d) Coramine, (e) caffeine and sodium benzoate, (f) calcium gluconate, (g) manual artificial respiration with external cardiac massage, and (h) intermittent controlled positive pressure respirations. Reasons for the use of these procedures are discussed later.
These various measures were tried alone and in combination. The Prostigmin was given by drip over periods ranging from 5 minutes to 30 minutes and in doses ranging from 0.5 mg. to 2.0 mg. The dose of Coramine was 1.5 ml. of a 25 per cent aqueous solution. The dose of caffeine and sodium benzoate was 0.5 Gm. in 1.0 ml. These latter two drugs were given as an intravenous injection aid no more than one dose was administered to any one animal. Calcium gluconate, 20 ml. of a 10 per cent aqueous solution, was given to one animal.
In order that there should be no question concerning whether or not the animals would have survived without some life-saving method being instituted, 17 animals were allowed to become extremely cyanotic, and the blood pressure was allowed to fall to very low levels (0 to 25 mm. Hg systolic). Early there was tachycardia, then bradyeardia; the latter was often accompanied by a partial or complete heart block, premature ventricular systoles, and, infrequently, an idioventricular rhythm or ventricular tachycardia. The prodromal signs were: (a) fibrillary movements of the skeletal musculature, (b) dyspnea with periods of apnea, (c) extreme restlessness, and (d) narrowing of the pulse pressure followed by an increase in the systolic pressure with a concomitant increase in the pulse pressure. (See figures 1 and 2.) The latter changes accompanied the anioxia due to the respiratory failure and preceded the circulatory failure. Death in all inistanc(es was due to the respiratory failure ( fig. 1 ). In addition to the 17 animals mentioned above Prostigmin was given to seven animals before overt signs of respiratory paralysis wNeie present. These will be described more fully later.
As sooii as a toxic state was observed the particular method to be investigated was institute(l immediately. If no response wNas observed, another method was then instituted. Frequently, the animal was in such a state of collapse that no method was effective. Iin such cases external cardiac massage was initiated anid continued until such time as the animal was able to maintain its arterial pressure with no aid other than that furnished l)y the method under investigation. It was felt that this did not offer any variables in determining the efficacy of the other methods, since our interest leas in long term results and not in the short transient recovery that was sometimes achieved with the cardiac massage.
The machine used for giving intermittent controlled positive pressure respirations was a windshield wiper converted so that the part normally used for the blade was fitted with a stopcock which rotated 90 degrees, thus letting the air through intermittently. The air was piped in under pressure from an outside source. A tracheal cannula was used to conduct the air. The space around the cannula was of sufficient size to permit full expiration after the forced inspiration. The effectiveness of the cannula used in such a manner can probably be ascribed to a decrease in the dead space as a result of inserting the cannula far down in the trachea.
From previous experience (see part I) it was thought that a lethal dose (LD1oo) of Etamon given as a single infusion was probably around 70 mg. per kilogram. Therefore, several animals were given that dose. Two animals survived this dose and it was thought best to raise the dose level so that a consistently toxic state could be achieved. After some experimentation it was found that 80 mg. per kilogram was a lethal dose in most of the animals. animals that lived after having received the drug. In the other animal that lived after having received the drug it is doubtful, after reviewing the record, that the animal did acquire a complete paralysis before the drug was given.
The insertion of the tracheal cannula was tried when it was noted that the dogs exhibited signs of laryngeal spasm or paralysis, for example, stridor. It was thought that a measure which would open this part of the respiratory tree would lessen the amount of respiratory difficulty. Oxygen was added to this procedure since it was thought that there was a decrease in the tidal volume. The procedure, as can be seen from table 5, was not effective, since the respiratory difficulty was chiefly central in character.
Coramine and caffeine and sodium benzoate, two central respiratory stimulants, were of no value in overcoming the paralysis produced by Etamon. The calcium gluconate was used after it was observed that fibrillary movements of the muscles were present before the absolute paralysis set in, these fibrillations probably being due to a repetitive discharge at the nerve endings. The calcium did not cause a cessation of this phenomenon.
It was observed in many of the animals in which other methods had been used that manual artificial respiration was successful in bringing about a temporary recovery, failure again ensuing if the artificial respiration was not continued. If there was a circulatory collapse after the measure was stopped, recovery again could be achieved if the artificial respiration was reinstituted. Two dogs were revived in this manner 14 and 16 times before death finally ensued, probably as a result of pulmonary edema or trauma to the heart associated with manual artificial respirations in the dog. One dog fully recovered his respiratory function following the use of this procedure; yet, he was in a moribund state for the remainder of the five days he lived before being that it is effective for only as long as it is continued, leaves much to be desired. Were it possible to continue the method for a period of time sufficient to permit excretion of the drug and the recovery of respiratory function, then probably it would be in the same order of effectiveness as the intermittent controlled sacrificed. It was felt by the observers that the anoxia incident to the periods of apnea when the artificial respiration was omitted probably caused irreversible damage to the central nervous system.
The institution of manual artificial respiration in a human subject in whom there is a respiratory paralysis following Etamon infusion would probably be successful, but the difficulty in moving large volumes of air and the strenousness of the procedure, plus the fact positive pressure respirations discussed in the following paragraphs.
Following the observation that manual artificial respirations were effective for as long as they were continued in overcoming the respiratory paralytic effect of Etamon, intermittent controlled positive pressure respirations were used in the hope that a method which could achieve a successful gaseous exchange in the lungs and be operated easily over long periods of time would give the animal suf-ficient time to excrete the drug and regain his respiratory function. The initial two dogs which were given intermittent controlled positive pressure respirations died. Death in one ensued when a compressed air conducting tube ruptured. Death ensued in the second dog when the machine was stopped after one and one half hours in order that we could check for controlled positive pressure respirations being stopped. This dog regained his respiratory function within four hours and is an excellent example of the efficacy of this method.
In the beginning it was thought that there might be some inhibition of bladder function following the autonomic ganglionic blockade by Etamon, but it was noted that, in almost Although manual artificial respiration would probably be effective in a human subject in whom there is a respiratory paralysis following Etamon infusion, the awkwardness of the method, the small amount of air that is moved with each excursion, and the strenuousness of the task leave much to be desired.
It is our feeling that deaths resembling the second one reported by McLemore and coworkers could probably be prevented by tracheal intubation and the use of a Drinker respirator or intermittent controlled positive pressure respiration for several hours. Oxygen, adrenaline, and other stimulants would serve as useful adjuncts.
Although the use of Prostigmin as an antagonist to Etamon in dogs and humans has been reported in the literature,3 the infusion of this drug following a lethal dose of Etamon does not bear this out. Due to its additive effect upon the bradyeardia seen with the anoxia incident to the respiratory paralysis, it is our feeling that, in the presence of a respiratory paralysis, the administration of Prostigmin would be deleterious rather than advantageous.
